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02'8/(,1752'8&7,21
$WSUHVHQWUHVHDUFKLVJRLQJRQDOORYHUWKHZRUOGSUDFWLFDOO\LQDOOVXEMHFWV
DQGJHQHUDWLQJPLOOLRQVRIUHVHDUFKDUWLFOHVDQGRWKHUGRFXPHQWV,QVRPH
FDVHVWKHUHVHDUFKZRUNVDUHJHQHUDWLQJYHU\JRRGUHVXOWVLQPRVWFDVHV
PHGLRFUHDQGLQVRPHFDVHVQHJDWLYHUHVXOWV%DVLQJUHVHDUFKUHVXOWVDZDUGV
IHOORZVKLSVSURPRWLRQVHOHFWLRQIRUDMREHWFDUHGHFLGHG)RUDOOWKHVH
HYDOXDWLRQRIUHVHDUFKRXWSXWEHFRPHVVLQHTXDQRQ
&HQWXULHVDJRZKHQWKHQXPEHURIUHVHDUFKHUVZHUHOHVVSHHUVXVHGWR
HYDOXDWHUHVHDUFK:LWKWKHSDVVDJHRIWLPHWKHQXPEHURIUHVHDUFKHUV
LQFUHDVHGUHVHDUFKDUHDVSUROLIHUDWHGUHVHDUFKRXWSXWPXOWLSOLHG7KHWUHQG
FRQWLQXHGDQGDIWHU:RUOG:DU,,WKHUHVHDUFKZRUNHUVDQGWKHLURXWSXWV
VWDUWHGJURZLQJH[SRQHQWLDOO\7RGD\HYHQRQDPRGHUDWHHVWLPDWHWKHUHDUH
DURXQGRUPRUHWKDQRQHPLOOLRQUHVHDUFKHUVDQGWKH\SURGXFHPRUHWKDQWZR
PLOOLRQUHVHDUFKSDSHUVDQGRWKHUGRFXPHQWVSHU\HDU
,QVXFKDPLQGERJJOLQJVLWXDWLRQUHVHDUFKHYDOXDWLRQLVFRQWLQXRXVO\SURYLQJ
WREHDWRXJKMRE)RUDQ\DZDUGDQGIHOORZVKLSWKHUHPD\EHVFRUHVRU
KXQGUHGVRIQRPLQHHV)URPDPRQJWKHVHKRZWRVHOHFWWKHEHVWFDQGLGDWHKDV
WXUQHGRXWWREHDELJTXHVWLRQ3HHUUHYLHZVLQPDQ\FDVHVDUHSURYLQJWREH
VXEMHFWLYH$VDUHVXOWGHFLVLRQVDUHJHWWLQJELDVHG
,Q6FLHQFH&LWDWLRQ,QGH[6&,DSSHDUHGRQWKHVFHQHFRYHULQJWKH
OLWHUDWXUHRI$IHZ\HDUVKHQFH(XJHQH*DUILHOGWKHIRXQGHURI6&,
SUHSDUHGDOLVWRIPRVWFLWHGVFLHQWLVWVEDVLQJILUVWDXWKRUFLWDWLRQRI
6&,7KHSDSHUWLWOHGµ&DQ1REHO3UL]H:LQQHUVEH3UHGLFWHG"¶ZDVSUHVHQWHG
LQ*DUILHOG	0DOLQ,QWKHYHU\QH[W\HDULHWZR
VFLHQWLVWVILJXULQJLQWKHOLVWHJ'HUHN+5%DUWRQDQG0XUUD\*HOO0DQQ
UHFHLYHGWKHFRYHWHG3UL]H7KLVYLQGLFDWHGWKHXVHIXOQHVVRIFLWDWLRQDQDO\VLV
(YHU\\HDUVHYHUDOVFLHQWLVWVEHORQJLQJWRWKHILHOGRI3K\VLFV&KHPLVWU\
3K\VLRORJ\	0HGLFLQHUHFHLYHWKH1REHO3UL]H,IRXWRIDOLVWRIWZRJHW
WKHDZDUGLWLVQRPHDQDFKLHYHPHQWIRUDSUHGLFWLRQ
7KLVSUHGLFWLRQRSHQHGWKHIORRGJDWHRIFLWDWLRQDQDO\VLVDVLWZDVIUHHIURP
VXEMHFWLYLW\(YHQIRUSHHUVFLWDWLRQDQDO\VLVEHFDPHDXVHIXOWRRO+RZHYHU
FLWDWLRQDQDO\VLVZDVQRWIUHHIURPIDXOWV(YHQ*DUILHOGUHPDUNHG±µ8VLQJ
FLWDWLRQDQDO\VLVIRUHYDOXDWLRQSDSHUVLVDWULFN\EXVLQHVV,WLVIUDXJKWZLWK
RSSRUWXQLWLHVIRUHUURU¶*DUILOHG
)RUUHVHDUFKHYDOXDWLRQVRPHRWKHULQGLFDWRUVZHUHQHHGHG&LWDWLRQDQDO\VLV
DORQJZLWKSHHUUHYLHZHQVXUHGEHWWHUMXGJPHQWLQLQQXPHUDEOHFDVHV
6RPHWKLQJPRUHZDVQHHGHGWRPDNHWKHMXGJPHQWIRROSURRIWRDJUHDWH[WHQW
7KHDGYHQWRI:RUOG:LGH:HE:::SURYLGHGWKHRSSRUWXQLW\4XLWHD
QXPEHURILQGLFDWRUVKDYHFRPHXSEDVHGRQWKHGDWDDYDLODEOHLQ:::
7KLVPRGXOHGZHOOVRQDQXPEHURIPHWKRGVLQFOXGLQJROGDQGQHZDYDLODEOH
IRUUHVHDUFKHYDOXDWLRQ7KHPRGXOHFRPSULVHVWKHIROORZLQJIRXUXQLWV
x 8QLW,QWURGXFWLRQWR5HVHDUFK(YDOXDWLRQ0HWULFVDQG5HODWHG
,QGLFDWRUV
x 8QLW,QQRYDWLRQVLQ0HDVXULQJ6FLHQFHDQG6FKRODUVKLS$QDO\WLFDO
7RROVDQG,QGLFDWRUVLQ(YDOXDWLRQ6FKRODUVKLS&RPPXQLFDWLRQV
x 8QLW$UWLFOHDQG$XWKRU/HYHO0HDVXUHPHQWVDQG
x 8QLW2QOLQH&LWDWLRQDQG5HIHUHQFH0DQDJHPHQW7RROV

5HVHDUFK(YDOXDWLRQ
0HWULFV
 %ULHIRYHUYLHZVRIWKHXQLWVDUHSUHVHQWHGEHORZ
8QLWHQFRPSDVVHGDQGGLVFXVVHGFLWDWLRQDQDO\VLVXVHRIFLWDWLRQEDVHG
LQGLFDWRUVIRUUHVHDUFKHYDOXDWLRQFRPPRQELEOLRPHWULFLQGLFDWRUVFODVVLFDO
ELEOLRPHWULFODZVDXWKRUOHYHOLQGLFDWRUVXVLQJDXWKRUV¶SXEOLFSURILOHVDUWLFOH
OHYHOPHWULFVXVLQJDOWPHWULFWRROV,WLVWREHQRWHGWKDWDXWKRUOHYHOLQGLFDWRUV
DQGDUWLFOHOHYHOPHWULFVDUHQHZWRROVIRUUHVHDUFKHYDOXDWLRQ$XWKRUOHYHO
LQGLFDWRUVHQFRPSDVVHVKLQGH[FLWDWLRQVFRXQWLLQGH[JLQGH[DUWLFOHV
ZLWKFLWDWLRQDYHUDJHFLWDWLRQVSHUDUWLFOH(LJHQIDFWRUVFRUHLPSDFWSRLQWV
DQG5*VFRUH$UWLFOHOHYHOPHWULFVRUDOWPHWULFVDUHEDVHGRQ7ZLWWHU
)DFHERRN0HQGHOH\&LWH8/LNHDQG'HOLFLRXVZKLFKKDYHEHHQGLVFXVVHG
$OOWHFKQLFDOWHUPVXVHGLQWKH8QLWKDYHEHHQGHILQHG
8QLWGHDOVZLWKDQDO\WLFDOWRROVDQGLQGLFDWRUVXVHGLQHYDOXDWLQJVFKRODUO\
FRPPXQLFDWLRQV7KHWRROVFRYHUHGDUH7KH:HERI6FLHQFH6FRSXV,QGLDQ
&LWDWLRQ,QGH[,&,&LWH6HHU;*RRJOH6FKRODUDQG*RRJOH6FKRODU&LWDWLRQV
$PRQJWKHVHDOOWKHWRROVH[FHSW,QGLDQ&LWDWLRQ,QGH[,&,DUHLQWHUQDWLRQDO
LQVFRSH,&,LVQRWYHU\PXFKNQRZQRXWVLGH,QGLD,WLVDSRZHUIXOWRRODVIDU
,QGLDQVFKRODUO\OLWHUDWXUHLVFRQFHUQHG$V,QGLDQMRXUQDOVSXEOLVKDVL]DEOH
DPRXQWRIIRUHLJQOLWHUDWXUHWKHWRROZLOOEHXVHIXOIRUIRUHLJQFRXQWULHVDV
ZHOO7KHDQDO\WLFDOSURGXFWVZLWKMRXUQDOSHUIRUPDQFHPHWULFV-RXUQDO
&LWDWLRQ5HSRUWV-&5KDVDOVREHHQGHVFULEHG,QWKHFKDSWHUWLWOHG1HZ
3ODWIRUPVIRU(YDOXDWLQJ6FKRODUO\&RPPXQLFDWLRQVWKUHHZHEVLWHVLH
6&,PDJR-RXUQDO	&RXQWU\5DQN6-5>6FLPDJR-5FRP@
HLJHQ)$&725RUJ-RXUQDO0HWULFVFRPDQGRQHVRIWZDUHFDOOHG3XEOLVKRU
3HULVK3236RIWZDUHKDYHEHHQGLVFXVVHG
$UWLFOHDQGDXWKRUOHYHOPHDVXUHPHQWVKDYHEHHQGLVFXVVHGLQ8QLW$XWKRU
DQGUHVHDUFKHULGHQWLILHUVDUHDEVROXWHO\HVVHQWLDOIRUVHDUFKLQJGDWDEDVHVLQWKH
:::EHFDXVHDQDPHOLNH'6LQJKFDQKDUERXUDQXPEHURIQDPHVVXFKDV
'DQ6LQJK'KDQ6LQJK'K\DQ6LQJK'DUEDUD6LQJK'DXODW6LQJK'XUODEK
6LQJKDQGPRUH7KH5HVHDUFKHU,'FRPODXQFKHGE\7KRPVRQ5HXWHUVLVD
ZHEEDVHGJOREDOUHJLVWU\RIDXWKRUVDQGUHVHDUFKHUVWKDWLQGLYLGXDOLVHVHDFK
DQGHYHU\QDPH2SHQ5HVHDUFKHUDQG&RQWULEXWRU,'25&,'LVDOVRD
UHJLVWU\WKDWXQLTXHO\LGHQWLILHVDQDXWKRURUUHVHDUFKHU%RWKKDYHEHHQ
GLVFXVVHGLQWKLV8QLW$UWLFOH/HYHO0HWULFV$OWPHWULFVKDVEHHQWUHDWHGLQ
WKLV8QLWZLWKWKHGLVFXVVLRQDVWRKRZDOWPHWULFVFDQEHPHDVXUHGZLWK
$OWPHWULFFRPDQG,PSDFW6WRU\RUJ$OWPHWULFVIRU2QOLQH-RXUQDOVKDVDOVR
EHHQWRXFKHG7KHUHDUHDQXPEHURIDFDGHPLFVRFLDOQHWZRUNVRIZKLFK
5HVHDUFK*DWHQHW$FDGHPLDHGX*HW&LWHGRUJHWFKDYHEHHQGLVFXVVHG
5HJLRQDOMRXUQDOQHWZRUNVZLWKELEOLRPHWULFLQGLFDWRUVDUHDOVRLQH[LVWHQFH
7ZRQHWZRUNVRIWKLVW\SHVXFKDV6FL(/2±6FLHQWLILF(OHFWURQLF/LEUDU\
2QOLQHDQG5HGDO\FKDYHEHHQGHDOWZLWK
7KHODVWXQLW8QLWLVRQRQOLQHFLWDWLRQDQGUHIHUHQFHPDQDJHPHQWWRROV
7KHWRROVGLVFXVVHGDUH0HQGHOH\&LWH8/LNH=RWHUR*RRJOH6FKRODU/LEUDU\
DQG(QG1RWH%DVLF7KHIHDWXUHVRIDOOWKHPDQDJHPHQWWRROVKDYHEHHQ
GLVFXVVHGZLWKILJXUHVWDEOHVDQGWH[WER[HV
:ULWWHQE\%.6HQ





81,7 ,1752'8&7,21725(6($5&+
(9$/8$7,210(75,&6$1'
5(/$7(',1',&$7256
6WUXFWXUH 
 ,QWURGXFWLRQ  
 /HDUQLQJ2XWFRPHV 
 8VHRI&LWDWLRQEDVHG,QGLFDWRUVIRU5HVHDUFK(YDOXDWLRQ 
  &LWDWLRQ$QDO\VLV 
  &RQFHSWVRI%LEOLRPHWULFV6FLHQWRPHWULFV 
  :HERPHWULFVHWF 
  &RPPRQ%LEOLRPHWULF,QGLFDWRUV 
  &ODVVLFDO%LEOLRPHWULF/DZV 
 7UDQVLWLRQIURP&LWDWLRQEDVHG,QGLFDWRUVWR$XWKRU/HYHO 
 DQG$UWLFOH/HYHO0HWULFVIRU5HVHDUFK(YDOXDWLRQ
  $XWKRU/HYHO,QGLFDWRUV8VLQJ$XWKRUV¶ 
  3XEOLF3URILOHV 
  $UWLFOH/HYHO0HWULFV8VLQJ$OWPHWULF7RROV 
 /HW8V6XP8S 
 &KHFN<RXU3URJUHVV 

 ,1752'8&7,21
,QDQRSHQDFFHVVZRUOGPXFKLPSRUWDQFHKDVEHHQJLYHQLQXVLQJRSHQVRXUFH
WRROVRSHQDFFHVVUHVRXUFHVDQGRSHQVROXWLRQVWRHQJDJHDXWKRUVDQG
UHVHDUFKHUVLQFROODERUDWLYHUHVHDUFKSHHUWRSHHUVKDULQJRIVFKRODUO\
LQIRUPDWLRQDQGFROODERUDWLYHHYDOXDWLRQRIVFKRODUV¶ZRUNV
2QWKHRWKHUKDQGH[SRQHQWLDOJURZWKRIVFLHQWLILFOLWHUDWXUHDOVRKDVOHGWR
UDSLGGLVDSSHDUDQFHRISURGXFHGOLWHUDWXUHEHIRUHLWDFWXDOO\JHWVQRWLFHGE\WKH
VFLHQWLILFFRPPXQLWLHV1RVLQJOHGDWDEDVHFDQFDSWXUHWKLVRYHUJURZQ
VFLHQWLILFOLWHUDWXUH6HYHUDOGDWDPLQLQJWRROVDUHSUREDEO\UHTXLUHGWRNHHS
DEUHDVWZLWKTXDQWXPRISURGXFHGOLWHUDWXUH7KHVRFLDOZHEVDYDLODEOHWRWKH
UHVHDUFKHUV¶FRPPXQLWLHVLQDGGLWLRQWRDQ\RWKHUJURXSVRIFLWL]HQVKHOSWKH
UHVHDUFKHUVLQGLVVHPLQDWLQJWKHLUSURGXFHGRUFRQWULEXWHGNQRZOHGJHWRJOREDO
FRPPXQLWLHV7KHPRUH\RXDUHDFWLYHLQVRFLDOPHGLDWKHPRUH\RXKDYH
FKDQFHVWRJHWQRWLFHGE\IHOORZUHVHDUFKHUVDQGSRVVLEOHUHVHDUFK
FROODERUDWRUV0DQ\SHUVRQDOL]HGZHEEDVHGVHUYLFHVDUHQRZLQFUHDVLQJO\
PDGHDYDLODEOHWDUJHWLQJJOREDOUHVHDUFKHUV¶FRPPXQLWLHVKHOSLQJWKHPWR
HQKDQFHWKHLUVRFLDOPHGLDSUHVHQFHDQGYLVLELOLW\
7KXVUHVHDUFKHYDOXDWLRQRIDUHVHDUFKHURUDUHVHDUFKLQVWLWXWLRQRUDUHVHDUFK
JURXSORRNVLQWRGHWDLOHGDQDO\VLVRIPDQ\DVSHFWVRIWKLVHQWLW\)LJXUH
GHSLFWVIRXULPSRUWDQWGLPHQVLRQVRIUHVHDUFKHYDOXDWLRQ7KHVHDVSHFWVDUH
H[WUHPHO\LQWHUUHODWHGDQGLQWHUGHSHQGHQW:HDNQHVVLQRQHDVSHFWZLOOOHDGWR
ORZHULQJYDOXHWRRWKHUDVSHFW5HVHDUFKHYDOXDWLRQVKRXOGEHFDUULHGRXWWR
GHWHUPLQHVWUHQJWKVDQGZHDNQHVVHVLQSURGXFWLYLW\YLVLELOLW\UHSXWDWLRQDQG
LPSDFWRIVFLHQWLILFUHVHDUFKHUVRULQVWLWXWLRQV

5HVHDUFK(YDOXDWLRQ
0HWULFV
,QWKLV0RGXOHYDULRXVWRROVDQGWHFKQLTXHVDUHGLVFXVVHGLQGHWDLOVWRKHOSWKH
UHVHDUFKHUVLQVWUHQJWKHQLQJWKHLUHIIRUWVLQHQKDQFLQJVFLHQWLILFSURGXFWLYLW\
YLVLELOLW\UHSXWDWLRQDQGLPSDFWRIWKHLUUHVHDUFKZRUNV


)LJXUH'LPHQVLRQVRI5HVHDUFK(YDOXDWLRQ

 /($51,1*287&20(6
$WWKHHQGRIWKLVXQLW\RXDUHH[SHFWHGWREHDEOHWR
x 'HVFULEHEDVLFWRROVXVHGIRUPHDVXUHPHQWRIVFLHQWLILFSURGXFWLYLW\DQG
HYDOXDWLRQRIUHVHDUFK
x ([SODLQWKHIHDWXUHVRIGLIIHUHQWUHVHDUFKHYDOXDWLRQPHWULFV
x 8QGHUVWDQGFLWDWLRQDQDO\VLVDQGLPSRUWDQFHRIFLWDWLRQVLQDFDGHPLF
UHVHDUFKDQG
x 'LVFXVVWUDQVLWLRQIURPFLWDWLRQEDVHGLQGLFDWRUVWRDXWKRUOHYHODQGDUWLFOH
OHYHOPHWULFVIRUUHVHDUFKHYDOXDWLRQ

 86(2)&,7$7,21%$6(',1',&$7256)25
5(6($5&+(9$/8$7,21
$IWHU:RUOG:DU,,WKHPHDVXUHPHQWRUHYDOXDWLRQRIUHVHDUFKHPHUJHGDVD
NH\SROLF\PDNLQJWRROWRMXVWLI\LQYHVWPHQWVLQVFLHQWLILFUHVHDUFKDFURVVWKH
ZRUOG7KLVWLPHWKHZRUOGDOVRVDZWKHHPHUJHQFHRIFURVVERUGHUUHVHDUFK
FROODERUDWLRQVDQGELODWHUDOPXOWLODWHUDODVZHOODV6RXWK6RXWK1RUWK6RXWK
1RUWK1RUWKVFLHQWLILFFRRSHUDWLRQ,QWHUQDWLRQDODVZHOODVQDWLRQDOUHVHDUFK
FROODERUDWLRQVQHHGWRDVVHVVLPSDFWRIVFLHQWLILFOLWHUDWXUHSURGXFHGE\WKHLU
SURVSHFWLYHUHVHDUFKFROODERUDWRUV0HDVXUHPHQWRIVFKRODUO\FRPPXQLFDWLRQV
JRWDQHZLPSHWXVZKHQ(XJHQH*DUILHOGHVWDEOLVKHGWKH,QVWLWXWHIRU
6FLHQWLILF,QIRUPDWLRQ,6,LQWKH8QLWHG6WDWHVLQ*DUILHOGVWDUWHGWKH
ILUVWHYHUFLWDWLRQLQGH[LQJVHUYLFHIRUSDSHUVSXEOLVKHGLQDFDGHPLFMRXUQDOV
7KH6FLHQFH&LWDWLRQ,QGH[6&,ZDVRIILFLDOO\ODXQFKHGLQ$VGHILQHG
LQWKH*ORVVDU\RI7KRPVRQ6FLHQWLILF7HUPLQRORJ\³D&LWDWLRQ,QGH[LVD
ELEOLRJUDSKLFWRROLQSULQWRUHOHFWURQLFIRUPDWWKDWOLVWVDOOUHIHUHQFHGRUFLWHG
VRXUFHLWHPVSXEOLVKHGLQDJLYHQWLPHVSDQ«:KDWGLVWLQJXLVKHVLWIURP
RWKHULQGH[HVLVWKDWLWLQFOXGHVDOOWKHFLWHGUHIHUHQFHVIRRWQRWHVRU
ELEOLRJUDSKLHVSXEOLVKHGZLWKHDFKDUWLFOHLWFRYHUV´6XEVHTXHQWO\WKH,6,
SXEOLVKHG6RFLDO6FLHQFHV&LWDWLRQ,QGH[66&,IURPDQG$UWV	
+XPDQLWLHV&LWDWLRQ,QGH[$+&,IURP

ϭŚƚƚƉ͗ͬͬĞŶ͘ǁŝŬŝƉĞĚŝĂ͘ŽƌŐͬǁŝŬŝͬ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


%DVHGRQZHDOWKRIUHVRXUFHVDYDLODEOHLQ6&,GDWDEDVHWKH,6,LQWURGXFHG
DQRWKHUWRROIRUUDQNLQJDFDGHPLFMRXUQDOVDQDO\VLQJFLWDWLRQVWKH\UHFHLYHG
DQGLPSDFWWKH\SHUFRODWHGLQWRVFLHQWLILFFRPPXQLWLHV7KHDQQXDO6&,
-RXUQDO&LWDWLRQ5HSRUWVZDVRIILFLDOO\ODXQFKHGLQ+HUH,6,LQWURGXFHG
WZREDVLFLQGLFDWRUVQDPHO\,PSDFW)DFWRUDQG,PPHGLDF\,QGH[$VGHILQHG
LQWKH*ORVVDU\RI7KRPVRQ6FLHQWLILF7HUPLQRORJ\,PSDFW)DFWRULV³WKH
QXPEHURIFXUUHQWFLWDWLRQVWRDUWLFOHVSXEOLVKHGLQDVSHFLILFMRXUQDOLQDWZR
\HDUSHULRGGLYLGHGE\WKHWRWDOQXPEHURIDUWLFOHVSXEOLVKHGLQWKHVDPH
MRXUQDOLQWKHFRUUHVSRQGLQJWZR\HDUSHULRG´ZKHUHDV,PPHGLDF\,QGH[LV
GHILQHGDV³WKHDYHUDJHQXPEHURIWLPHVWKDWDQDUWLFOHSXEOLVKHGLQDVSHFLILF
\HDUZLWKLQDVSHFLILFMRXUQDOLVFLWHGRYHUWKHFRXUVHRIWKDWVDPH\HDU´
1RQHWKHOHVVWKH,PSDFW)DFWRULVDFWXDOO\-RXUQDO,PSDFW)DFWRU-,)QRW
H[DFWO\PHDVXULQJFRQWULEXWLRQVRILQGLYLGXDOVFLHQWLVWV-,)LVDFROOHFWLYH
LQGLFDWRUIRUDMRXUQDOQRWLWVDXWKRUV6LPLODUO\,PPHGLDF\,QGH[LV³DQ
LQGLFDWRURIWKHVSHHGZLWKZKLFKFLWDWLRQVWRDVSHFLILFMRXUQDODSSHDULQWKH
SXEOLVKHGOLWHUDWXUH6XFKLQIRUPDWLRQLVXVHIXOLQGHWHUPLQLQJZKLFKMRXUQDOV
DUHSXEOLVKLQJLQHPHUJLQJDUHDVRIUHVHDUFK´
)URPLWVEHJLQQLQJWKH6&,GDWDEDVHLQFOXGHGGHWDLOVRIDIILOLDWLRQRIDOO
DXWKRUVRIDMRXUQDODUWLFOH7KLVIDFLOLWDWHVDQDO\VLQJUHVHDUFKFROODERUDWLRQV
ZKLOHSXEOLVKLQJMRXUQDODUWLFOHVQRWRQO\IRUWKHVDNHRISDSHUZULWLQJEXWDOVR
LQODERUDWRU\H[SHULPHQWDWLRQV,6,VLOHQWO\REVHUYHGJOREDOL]DWLRQRIVFLHQWLILF
UHVHDUFKDVUHFRUGHGLQ6&,GDWDEDVH
7KHFLWDWLRQSURGXFWVDQGDQDO\WLFDOWRROVRI,6,IDFLOLWDWHGIRUPDWLRQRID
VFLHQWLILFGLVFLSOLQHFDOOHG6FLHQWRPHWULFVDQGUHODWHGDUHDVVXFKDV
%LEOLRPHWULFV,QIRUPHWULFV:HERPHWULFV3DWHQWRPHWULFVDQG/LEUDPHWULFV
%LEOLRPHWULFVVWDUWHGLQHDUO\WKFHQWXU\DOVRUHFHLYHGDWUHPHQGRXVERRVW$
MRXUQDOWLWOHG6FLHQWRPHWULFVZDVODXQFKHGLQIROORZHGE\RWKHUMRXUQDOV
VXFKDV5HVHDUFK(YDOXDWLRQI&\EHUPHWULFV,QWHUQDWLRQDO-RXUQDORI
6FLHQWRPHWULFV,QIRUPHWULFVDQG%LEOLRPHWULFVI-RXUQDORI
,QIRUPHWULFVI&ROOQHW-RXUQDORI6FLHQWRPHWULFVDQG,QIRUPDWLRQ
0DQDJHPHQWI-RXUQDORI6FLHQWRPHWULF5HVHDUFKIEHVLGHVD
IHZRWKHUPXOWLGLVFLSOLQDU\MRXUQDOVFRYHULQJVFLHQWRPHWULFVDQGUHODWHG
VXEMHFWDUHDV
,QWKHILUVWHUDRIVFLHQWRPHWULFVWXGLHVFLWDWLRQDQDO\VLVZDVWKHSUHGRPLQDQW
PHWKRGIRUDQDO\VLQJVFLHQWLILFSURGXFWLYLW\RILQGLYLGXDOVFLHQWLVWVRUUHVHDUFK
LQVWLWXWLRQVRUFRXQWULHV5HVHDUFKSHUIRUPDQFHRIDQLQGLYLGXDOZDVPHDVXUHG
LQWHUPVRIFLWDWLRQVDQDXWKRU¶VZRUNVUHFHLYHGMRXUQDO¶VUDQNRUMRXUQDO
LPSDFWIDFWRUZKHUHLQDQDXWKRU¶VZRUNVDSSHDUHGLQDQGFROODERUDWLRQPDWUL[
RIFROODERUDWLQJDXWKRUV$QLQVWLWXWLRQRUDFRXQWU\ZDVVLPLODUO\PHDVXUHG
,QDQHUDRIHOHFWURQLFSXEOLVKLQJRIDFDGHPLFMRXUQDOVHMRXUQDOVDVZHOODV
RQOLQHVRFLDOQHWZRUNLQJWKLQJVKDYHFKDQJHGYHU\G\QDPLFDOO\0DQ\
GLPHQVLRQVRIVFLHQWLVW¶VFRQWULEXWLRQVLQIOXHQFHDQGLPSDFWRIUHVHDUFKDUH
ORRNHGLQWRDVVFLHQWLILFFRPPXQLWLHVDUHQRZPDWXUHGHQRXJKWRJREH\RQG
WKHFRQYHQWLRQDOELEOLRPHWULFLQGLFDWRUVVXFKDVFLWDWLRQVFRXQWMRXUQDOLPSDFW
IDFWRULPPHGLDF\LQGH[HWF,QIOXHQFHRIDQLQGLYLGXDOZLWKLQVFLHQWLILF
,QWURGXFWLRQWR5HVHDUFK
(YDOXDWLRQ0HWULFVDQG
5HODWHG,QGLFDWRUV

5HVHDUFK(YDOXDWLRQ
0HWULFV
FRPPXQLWLHVFDQEHPHDVXUHGLQYDULRXVZD\V5HFHQWO\LQWKH6DQ
)UDQFLVFR'HFODUDWLRQRQ5HVHDUFK$VVHVVPHQW'25$HODERUDWHGVRPH
SURYLVLRQVRIUHVHDUFKHYDOXDWLRQIRULQGLYLGXDOUHVHDUFKHUVWUDQVLWLRQIURP
FRXQWLQJFLWDWLRQVEDVHGRQMRXUQDOVLPSDFWIDFWRUWRFRXQWLQJLQIOXHQFHDQ
LQGLYLGXDOVFLHQWLVWPDGH$QXPEHURIUHVHDUFKIXQGLQJDJHQFLHVKDYHDOUHDG\
VXSSRUWHGWKLVGHFODUDWLRQDQGWKH\DUHJRLQJWRXVHDOWHUQDWLYHPHWULFVRU
DOWPHWULFVPRUHFRQFOXVLYHO\
,QWKHIROORZLQJ6HFWLRQVZHVKDOOOHDUQEDVLFVRIFRQYHQWLRQDOUHVHDUFK
PHDVXUHPHQWWRROVDQGWKHLUDSSOLFDWLRQVLQHYDOXDWLRQRIVFLHQWLILFUHVHDUFK
 &LWDWLRQ$QDO\VLV
+DUURG¶V/LEUDULDQV¶*ORVVDU\GHILQHVFLWDWLRQDV³DUHIHUHQFHWRDWH[WRUSDUW
RIDWH[WLGHQWLI\LQJWKHGRFXPHQWLQZKLFKLWPD\EHIRXQG´&LWDWLRQVDUH
XVXDOO\IRXQGLQWKHOLVWRIUHIHUHQFHVPRVWO\ZLWKIXOOELEOLRJUDSKLFGHWDLOVDQG
JHQHUDOO\SODFHGDWWKHHQGRIDQDUWLFOHRUFKDSWHURUDVIRRWQRWHV
$XWKRUVFLWHRWKHUDXWKRUVIRUGLIIHUHQWUHDVRQVVXFKDVDJLYLQJFUHGLW
LHLGHQWLI\LQJDQWHFHGHQWVDQGRULJLQDOSXEOLFDWLRQVLQZKLFKDIDFWLGHD
FRQFHSWRUSULQFLSOHZDVILUVWSXEOLVKHGESUHYLRXVZRUNLHLGHQWLI\LQJ
JHQHUDOGRFXPHQWVUHODWHGWRWKHWRSLFSUHVHQWLQJSUHYLRXVUHVXOWV
DQQRXQFLQJIXWXUHZRUNFRPPHQWLQJFRUUHFWLQJRUFULWLFL]LQJSUHYLRXVZRUN
LGHQWLI\LQJPHWKRGRORJ\HTXLSPHQWHWFFDXWKRULW\LHVXEVWDQWLDWLQJ
FODLPVDQGSHUVXDGLQJUHDGHUVDXWKHQWLFDWLQJGDWDDQGRWKHUUHVXOWVRU
LGHQWLI\LQJWKHUHVXOWVE\RWKHUVVXSSRUWLQJWKHDXWKRU¶VZRUNDQGGVRFLDO
IDFWRUVLHFLWLQJSUHVWLJLRXVUHVHDUFKHUVFLWLQJZRUNE\WKHDXWKRU¶VJUDGXDWH
VWXGHQWVIHOORZVDQGFRZRUNHUVWRLQFUHDVHWKHLUYLVLELOLW\µSHUIXQFWRU\¶
FLWDWLRQV&DPSDQDULR
&LWDWLRQDQDO\VLVLVDYHU\LPSRUWDQWPHWKRGLQPHDVXULQJLPSDFWRIVFLHQWLILF
SXEOLFDWLRQVDQGPRUHSDUWLFXODUO\FLWDWLRQDQDO\VLVKHOSVLQLGHQWLI\LQJUROHRI
KLJKO\FLWHGSDSHUVLQH[SDQGLQJXQLYHUVHRINQRZOHGJHIRUPDWLRQRIQHZ
VFLHQWLILFGLVFLSOLQHVDQGVWUHQJWKHQLQJVFLHQWLILFFRPPXQLWLHV
6HOI&LWDWLRQ
,QVFLHQWLILFFRPPXQLFDWLRQDXWKRUVQRWRQO\FLWHRWKHUV¶ZRUNVEXWDOVRFLWH
WKHLURZQZRUNVHDUOLHUDXWKRUHGE\WKHPVHOYHV7KLVSKHQRPHQRQLVNQRZQDV
VHOIFLWDWLRQ$XWKRUVHOIFLWDWLRQRFFXUVZKHQDQDXWKRUFLWHVKLVHDUOLHU
SXEOLVKHGZRUNVLQKLVIRUWKFRPLQJSDSHU:KHUHDVMRXUQDOVHOIFLWDWLRQ
RFFXUVZKLOHDQDXWKRURIDMRXUQDOSDSHUFLWHVRWKHUDUWLFOHVIURPWKHVDPH
MRXUQDO,QWKHDUWLFOHVSXEOLVKHGLQWKHMRXUQDO$LIWKHUHDUHUHIHUHQFHVWRWKH
VDPHMRXUQDOWKHQWKH\DUHDOOMRXUQDOVHOIFLWDWLRQV
%RWKDXWKRUVHOIFLWDWLRQVDQGMRXUQDOVHOIFLWDWLRQVDUHYDOLGLQVFLHQWLILF
GLVFRXUVHVZLWKDWKUHVKROGOLPLW%H\RQGDSRLQWLWPD\UDLVHXQGHVLUDEOH
DWWHQWLRQRISDSHUUHYLHZHUVLQIRUPDWLRQDQDO\VWVDQGRWKHUVIURPWKHUHVHDUFK
HYDOXDWLRQSHUVSHFWLYHV

ϮŚƚƚƉ͗ͬͬĂŵ͘ĂƐĐď͘ŽƌŐͬĚŽƌĂͬĨŝůĞƐͬƐĨĚĞĐůĂƌĂƚŝŽŶĨŝŶĂů͘ƉĚĨ



&LWHG+DOI/LIHDQG&LWLQJ+DOI/LIH
$OOUHIHUHQFHVFLWHGE\DQDXWKRULQDQDUWLFOHDUHQRWRIWKHVDPH\HDU,I\RX
VFDQDSDSHUIURPDMRXUQDORIKXPDQLWLHVRUVRFLDOVFLHQFHV\RXPD\ILQG
VRPHUHIHUHQFHVSXEOLVKHGHYHQGHFDGHVDJR7KHFLWHGKDOIOLIHRIDQDUWLFOHLV
WKHPHGLDQDJHRIWKHLWHPVFLWHGLQWKDWDUWLFOH+DOILHRIWKHFLWDWLRQV
WRWKHDUWLFOHDUHWRLWHPVSXEOLVKHGZLWKLQWKHFLWHGKDOIOLIH6LPLODUO\WKH
FLWHGKDOIOLIHRIDMRXUQDOLVWKHPHGLDQDJHRILWVLWHPVFLWHGLQWKDWMRXUQDO
+DOILHRIWKHFLWDWLRQVWRWKHMRXUQDODUHWRLWHPVSXEOLVKHGZLWKLQWKH
FLWHGKDOIOLIH,WVKRXOGEHQRWHGWKDWWKHKDOIOLIHLVDOZD\VFDOFXODWHGIURPWKH
ODWHVW\HDUEDFNZDUGV
6LPLODUO\WKHFLWLQJKDOIOLIHRIDMRXUQDOLVWKHPHGLDQDJHRIDUWLFOHVFLWHGE\
WKHMRXUQDOLQDFDOHQGDU\HDU)RUH[DPSOHLQWKH-RXUQDO&LWDWLRQ
5HSRUWV-&5WKHMRXUQDO$QQXDO5HYLHZRI3V\FKRORJ\KDVDFLWLQJKDOIOLIH
RI7KDWPHDQVRIWKHLWHPVFLWHGLQ$QQXDO5HYLHZRI3V\FKRORJ\LQ
ZHUHSXEOLVKHGEHWZHHQDQGERWK\HDUVLQFOXVLYH
7KHUHDUHPDQ\WHUPVFRPPRQO\XVHGLQFLWDWLRQDQDO\VLVDQGUHODWHG
WHFKQLTXHV6RPHRIFLWDWLRQUHODWHGWHUPVSRSXODUO\XVHGIRUPHDVXUHPHQWRI
VFLHQFHDQGHYDOXDWLRQRIVFLHQWLILFUHVHDUFKDUHOLVWHGLQ7DEOH
7DEOH&LWDWLRQ5HODWHG7HUPV

7HUP 6KRUW'HILQLWLRQ
$XWKRU6HOIFLWDWLRQ $XWKRUVHOIFLWDWLRQRFFXUVZKHQDQDXWKRUFLWHVKLVRZQZRUNSXEOLVKHGHDUOLHURU
JRLQJWREHSXEOLVKHGLQIXWXUH
%LEOLRJUDSKLF
FRXSOLQJ
,WLVDPHDVXUHWKDWXVHVFLWDWLRQDQDO\VLVWRHVWDEOLVKDVLPLODULW\UHODWLRQVKLS
EHWZHHQGRFXPHQWV,WOLQNVWZRSDSHUVWKDWFLWHWKHVDPHDUWLFOHVRWKDWLISDSHUV
$DQG%ERWKFLWHSDSHU&WKH\PD\EHVDLGWREHUHODWHGHYHQWKRXJKWKH\GRQ
W
GLUHFWO\FLWHHDFKRWKHU7KHPRUHSDSHUVWKH\ERWKFLWHWKHVWURQJHUWKHLU
UHODWLRQVKLSLV
&LWDWLRQ1HWZRUN ,WLVDRQHZD\RUWZRZD\QHWZRUNDQDO\VLQJUHODWLRQVKLSEHWZHHQFLWLQJDQG
FLWHGUHIHUHQFHVRUDXWKRUV
&LWDWLRQV&RXQW ,WLVDVLPSOHPHWKRGRIFRXQWLQJWRWDOFLWDWLRQVUHFHLYHGE\DQHDUOLHUSXEOLVKHG
DUWLFOHZLWKGDWDREWDLQHGIURPDFLWDWLRQGDWDEDVH
&LWHG+DOI/LIH

,WLVWKHQXPEHURI\HDUVJRLQJEDFNIURPWKHFXUUHQW\HDUWKDWDFFRXQWIRU
RIWKHWRWDOFLWDWLRQVUHFHLYHGE\WKHFLWHGMRXUQDOLQWKHFXUUHQW\HDU
&LWLQJ+DOI/LIH ,WLVWKHQXPEHURIMRXUQDOSXEOLFDWLRQ\HDUVJRLQJEDFNIURPWKHFXUUHQW\HDU
WKDWDFFRXQWIRURIWKHWRWDOFLWDWLRQVJLYHQE\WKHFLWLQJMRXUQDOLQWKHFXUUHQW
\HDU
&RFLWDWLRQFRXSOLQJ ,WLVDPHWKRGXVHGWRHVWDEOLVKDVXEMHFWVLPLODULW\EHWZHHQWZRGRFXPHQWV,I
SDSHUV$DQG%DUHERWKFLWHGE\SDSHU&WKH\PD\EHVDLGWREHUHODWHGWRRQH
DQRWKHUHYHQWKRXJKWKH\GRQ
WGLUHFWO\FLWHHDFKRWKHU7KHPRUHSDSHUVFLWH$
DQG%WKHVWURQJHUWKHLUUHODWLRQVKLSLV
&RFLWDWLRQQHWZRUN ,WLVDQHWZRUNDQDO\VLQJLQVWDQFHVRIFRFLWDWLRQFRXSOLQJ
-RXUQDOVHOIFLWDWLRQ ,WLVDQLQVWDQFHLQZKLFKDQDUWLFOHSXEOLVKHGLQDMRXUQDOKDVFLWHGDSUHYLRXVO\
SXEOLVKHGDUWLFOHLQWKDWVDPHMRXUQDO
6HOIFLWDWLRQ ,WFDQDQLQVWDQFHLQZKLFKDQDUWLFOHSXEOLVKHGLQDMRXUQDOKDVFLWHGDSUHYLRXVO\
SXEOLVKHGDUWLFOHLQWKDWVDPHMRXUQDORULWFDQEHDQLQVWDQFHLQZKLFKDQDXWKRU
FLWHVKLVRZQZRUNSXEOLVKHGHDUOLHURUIRUWKFRPLQJ6HOIFLWDWLRQFDQEHRIWZR
NLQGVMRXUQDOVHOIFLWDWLRQRUDXWKRUVHOIFLWDWLRQ


,QWURGXFWLRQWR5HVHDUFK
(YDOXDWLRQ0HWULFVDQG
5HODWHG,QGLFDWRUV

5HVHDUFK(YDOXDWLRQ
0HWULFV
 &RQFHSWVRI%LEOLRPHWULFV6FLHQWRPHWULFV:HERPHWULFVHWF
$QXPEHURIWHUPVDUHFRPPRQO\XVHGLQGHILQLQJGLIIHUHQWDSSURDFKHVRI
UHVHDUFKHYDOXDWLRQDQGPHDVXUHPHQWRIVFLHQWLILFSURGXFWLYLW\0DQ\RIWKH
WHUPVDUHFRUUHODWHGDVHDFKRQHDGGUHVVHVDW\SLFDODVSHFWRIVFKRODUO\
FRPPXQLFDWLRQV7DEOHVKRZVDQLQGLFDWLYHOLVWRIWHUPVIUHTXHQWO\XVHGDV
UHVHDUFKHYDOXDWLRQPHWULFV(DFKWHUPGHILQHVDVHWRIPHWKRGVIRUDSDUWLFXODU
W\SHRIUHVRXUFHVRUDSSOLFDWLRQV6RPHRIWKHWHUPVDUHXVHGLQWHUFKDQJHDEO\
WREURDGHQLQJRUQDUURZLQJVFRSHRIUHVHDUFKHYDOXDWLRQ

7DEOH)UHTXHQWO\8VHG7HUPV8VHGDV5HVHDUFK(YDOXDWLRQ0HWULFV

7HUP 6KRUW'HILQLWLRQ
%LEOLRPHWULFV %LEOLRPHWULFVLVDVHWRIPHWKRGVWRTXDQWLWDWLYHO\DQDO\VHDFDGHPLF
OLWHUDWXUHDQGVFKRODUO\FRPPXQLFDWLRQV
,QIRUPHWULFV ,QIRUPHWULFVLVWKHVWXG\RITXDQWLWDWLYHDVSHFWVRILQIRUPDWLRQ7KLV
LQFOXGHVWKHSURGXFWLRQGLVVHPLQDWLRQDQGXVHRIDOOIRUPVRILQIRUPDWLRQ
UHJDUGOHVVRILWVIRUPRURULJLQ
6FLHQWRPHWULFV 6FLHQWRPHWULFVLVWKHVWXG\RITXDQWLWDWLYHIHDWXUHVDQGFKDUDFWHULVWLFVRI
VFLHQFHVFLHQWLILFUHVHDUFKDQGVFKRODUO\FRPPXQLFDWLRQV
:HERPHWULFV :HERPHWULFVLVWKHVWXG\RITXDQWLWDWLYHIHDWXUHVFKDUDFWHULVWLFVVWUXFWXUH
DQGXVDJHSDWWHUQVRIWKHZRUOGZLGHZHELWVK\SHUOLQNVDQGLQWHUQHW
UHVRXUFHV
&\EHUPHWULFV &\EHUPHWULFVLVDQDOWHUQDWLYHWHUPIRU:HERPHWULFV
/LEUDPHWULFV /LEUDPHWULFVLVDVHWRIPHWKRGVWRTXDQWLWDWLYHO\DQDO\VHDYDLODELOLW\RI
GRFXPHQWVLQOLEUDULHVWKHLUXVDJHDQGLPSDFWRIOLEUDU\VHUYLFHVWRLWVXVHU
FRPPXQLW\
3DWHQWRPHWULFV 3DWHQWRPHWULFVLVDVHWRIPHWKRGVWRTXDQWLWDWLYHO\DQDO\VHSDWHQW
GDWDEDVHVSDWHQWFLWDWLRQVDQGWKHLUXVDJHSDWWHUQV
$OWPHWULFV $OWPHWULFVLVQHZPHWULFVSURSRVHGDVDQDOWHUQDWLYHWRWKHZLGHO\XVHG
MRXUQDOLPSDFWIDFWRUDQGSHUVRQDOFLWDWLRQLQGLFHVOLNHWKHKLQGH[7KH
WHUPDOWPHWULFVZDVSURSRVHGLQDVDJHQHUDOL]DWLRQRIDUWLFOHOHYHO
PHWULFVDQGKDVLWVURRWVLQWKHWZLWWHUDOWPHWULFVKDVKWDJ
$UWLFOH/HYHO
0HWULFV$/0
$UWLFOHOHYHOPHWULFVLVDQDOWHUQDWLYHWHUPIRU$OWPHWULFV

$SSOLFDWLRQVRI6FLHQWRPHWULFVDQG%LEOLRPHWULFVLQ5HVHDUFK(YDOXDWLRQ
,QWKHODVWVL[W\\HDUVHYDOXDWLRQRISXEOLFIXQGHGUHVHDUFKKDVEHHQFDUULHG
RXWJOREDOO\RQDUHJXODUEDVLVIRUSHUIRUPDQFHPHDVXUHPHQWRIGLIIHUHQW
DFWRUVRIVFLHQWLILFUHVHDUFK0RVWRIWKHFLWDWLRQGDWDEDVHVDQGFLWDWLRQ
DQDO\VLVWRROVDYDLODEOHLQWRGD\¶VZRUOGKDYHIXQFWLRQDOLWLHVWRLQVWDQWO\
JHQHUDWHUHSRUWVDQGVFLHQWRPHWULFSURILOHRIDVFLHQWLVWDQLQVWLWXWLRQD
FROODERUDWLYHUHVHDUFKJURXSDFRXQWU\RUDMRXUQDO6RPHRIWKHSRSXODU
DSSOLFDWLRQVRIVFLHQWRPHWULFVDQGELEOLRPHWULFVOLVWHGEHORZFDQXVHUHSRUW
JHQHUDWRUWRROVDYDLODEOHZLWKFLWDWLRQEDVHGSURGXFWVDQGVHUYLFHVGLVFXVVHGLQ
8QLWRIWKLV0RGXOH
x )RU,QVWLWXWLRQ&ROODERUDWLYH5HVHDUFK*URXS0DSSLQJRI
FROODERUDWLRQVWRSFROODERUDWLQJLQVWLWXWLRQVWRSFROODERUDWLQJFRXQWULHV


FROODERUDWLQJZLWKSXEOLFYVSULYDWHLQVWLWXWLRQVKLJKO\FLWHGSDSHUV
KLJKO\FLWHGDXWKRUVWRSFRQWULEXWLQJVFLHQWLVWVWRSSXEOLVKLQJMRXUQDOV
VFLHQWLVWVZLWKWRSKLQGH[WRSVXEMHFWFDWHJRULHVRUUHVHDUFKGRPDLQV
SHUFHQWDJHRIFLWHGYVXQFLWHGSDSHUVSHUFHQWDJHRIVHOIFLWDWLRQV
SXEOLVKLQJLQRSHQDFFHVVYVVXEVFULSWLRQEDVHGMRXUQDOVFRPSDUDWLYH
VWXG\RIWZRRUPRUHLQVWLWXWLRQVLQDUHJLRQFRXQWU\
x )RUDVFLHQWLVW0DSSLQJRIFROODERUDWLRQVFROODERUDWLQJLQVWLWXWLRQV
FROODERUDWLQJFRXQWULHVFRDXWKRUVKLJKO\FLWHGSDSHUVWRSSXEOLVKLQJ
MRXUQDOVSHUFHQWDJHRIFLWHGYVXQFLWHGSDSHUVSHUFHQWDJHRIVHOI
FLWDWLRQVDXWKRUOHYHOLQGLFDWRUVVXFKDVKLQGH[LLQGH[HWF
x )RUDFRXQWU\7RSFRQWULEXWLQJLQVWLWXWLRQVWRSFRQWULEXWLQJFLWLHVWRS
FRQWULEXWLQJVWDWHVWRSUHVHDUFKIXQGLQJDJHQFLHVWRSDIILOLDWLQJDSH[
ERGLHVPDSSLQJRIFROODERUDWLRQVWRSFROODERUDWLQJFRXQWULHVWRS
FROODERUDWLQJLQVWLWXWLRQVWRSFRQWULEXWLQJVFLHQWLVWVWRSSXEOLVKLQJ
MRXUQDOVWRSVXEMHFWFDWHJRULHVRUUHVHDUFKGRPDLQVSHUFHQWDJHRIFLWHG
YVXQFLWHGSDSHUVSHUFHQWDJHRIVHOIFLWDWLRQVKLJKO\FLWHGSDSHUVKLJKO\
FLWHGDXWKRUVWRSVFLHQWLVWVZLWKKLQGH[SXEOLVKLQJE\SXEOLFYVSULYDWH
LQVWLWXWLRQVSXEOLVKLQJLQRSHQDFFHVVYVVXEVFULSWLRQEDVHGMRXUQDOV
FRPSDUDWLYHVWXG\RIWZRRUPRUHFRXQWULHVLQDUHJLRQRUJOREDOO\
x )RUDMRXUQDOKLJKO\FLWHGSDSHUVKLJKO\FLWHGDXWKRUVSHUFHQWDJHRI
FLWHGYVXQFLWHGSDSHUVSHUFHQWDJHRIVHOIFLWDWLRQVWRSUHVHDUFKGRPDLQV
FLWHGKDOIOLIHYVFLWLQJKDOIOLIHWRSFRQWULEXWLQJLQVWLWXWLRQVWRS
FRQWULEXWLQJFLWLHVWRSFRQWULEXWLQJFRXQWULHVPRVWGRZQORDGHGSDSHUV
PRVWVKDUHGSDSHUVDQGKLJKO\UDQNHGMRXUQDOVEDVHGRQFLWDWLRQEDVHG
LQGLFDWRUV

 &RPPRQ%LEOLRPHWULF,QGLFDWRUV
7KHUHDUHDQXPEHURIELEOLRPHWULFLQGLFDWRUVXVHGIRUUHVHDUFKHYDOXDWLRQDQG
SHUIRUPDQFHPHDVXUHPHQWRIMRXUQDOVLQVWLWXWLRQVFRXQWULHVDQGFROODERUDWLYH
UHVHDUFKJURXSV7KHVHELEOLRPHWULFLQGLFDWRUVDUHPRVWO\FLWDWLRQEDVHG
LQGLFDWRUVWUDGLWLRQDOO\GUDZQIURPWKHFLWDWLRQGDWDEDVHVVXFKDV6FLHQFH
&LWDWLRQ,QGH[6&,6RFLDO6FLHQFH&LWDWLRQ,QGH[66&,DQG-RXUQDO
&LWDWLRQ5HSRUWV-&5/DWHUIURPWKHEHJLQQLQJRIWKHWZHQW\ILUVWFHQWXU\
ZHEEDVHGFLWDWLRQGDWDEDVHVVXFKDV6FRSXVDQG:HERI6FLHQFHDQGFLWDWLRQ
VHDUFKHQJLQHVVXFKDV*RRJOH6FKRODU0LFURVRIW$FDGHPLF6HDUFKDQG
&LWH6HHU;DUHIUHTXHQWO\XVHGIRUGHULYLQJFLWDWLRQEDVHGLQGLFDWRUV)LJXUH
GHSLFWVYDULRXVFLWDWLRQEDVHGLQGLFDWRUVPRVWO\GHULYHGIURPFLWDWLRQ
GDWDEDVHVDQGFLWDWLRQVHDUFKHQJLQHV6RPHRIWKHLQGLFDWRUVKHOSLQDQDO\VLQJ
FRDXWKRUVFROODERUDWLYHLQVWLWXWLRQVDQGFROODERUDWLYHFRXQWULHVFRPPRQO\
IRXQGIURPDIILOLDWLRQVHDUFKLQDQ\FLWDWLRQGDWDEDVH7KHVHLQGLFDWRUVDUH
GLVFXVVHGLQGHWDLOVZLWKVXLWDEOHH[DPSOHVLQ8QLWRIWKLV0RGXOH

,QWURGXFWLRQWR5HVHDUFK
(YDOXDWLRQ0HWULFVDQG
5HODWHG,QGLFDWRUV

5HVHDUFK(YDOXDWLRQ
0HWULFV



)LJXUH0RVW8VHIXO&LWDWLRQEDVHG,QGLFDWRUVGHULYHGIURP&LWDWLRQ
'DWDEDVHV

 &ODVVLFDO%LEOLRPHWULF/DZV
7KUHHFODVVLFDOELEOLRPHWULFODZVDUHZLGHO\DFFHSWHGE\WKHELEOLRPHWULFLDQV
DQGLQIRUPDWLRQVFLHQWLVWVLQHVWDEOLVKLQJWKHRUHWLFDOIUDPHZRUNDQG
XQGHUVWDQGLQJJURZWKRIXQLYHUVHRINQRZOHGJHRUIRUPDWLRQRIHPHUJLQJ
VXEMHFWDUHDVDVUHFRUGHGLQFLWDWLRQGDWDEDVHV)LJXUHGHSLFWVWKHVHWKUHH
FODVVLFDOELEOLRPHWULFODZV7KHVHODZVDUHGLVFXVVHGLQGHWDLOVZLWKVXLWDEOH
H[DPSOHVLQOLWHUDWXUHOLVWHGLQ)XUWKHU5HDGLQJVDWWKHHQGRIWKLV8QLW

)LJXUH&ODVVLFDO%LEOLRPHWULF/DZV

Classical Bibliometric Laws
ƌĂĚĨŽƌĚ͛Ɛ>ĂǁŽĨ^ĐĂƚƚĞƌŝŶŐ
>ŽƚŬĂ͛Ɛ>ĂǁŽĨ^ĐŝĞŶƚŝĨŝĐWƌŽĚƵĐƚŝǀŝƚǇ
ŝƉĨ͛Ɛ>ĂǁŽĨtŽƌĚKĐĐƵƌƌĞŶĐĞ
Citation-based Indicators
Citations Count
Journal Impact Factor
Journal Immediacy Index
H-Index
Cited Half-Life
Citing Half-Life
Self-Citation
Cited vs. Uncited Papers Ratio
SJR Rank
Article Influence® score
Eigenfactor® score
Cites per document
International Collaboration


%UDGIRUG¶V/DZRI6FDWWHULQJ6DPXHO&%UDGIRUGLQIRXQGWKDWDIHZ
FRUHMRXUQDOVKDUERXURIWKHDUWLFOHVRQDJLYHQVXEMHFWDPRGHUDWHQXPEHU
RIOHVVWKDQFRUHMRXUQDOVKDUERXUDIXUWKHURIWKHDUWLFOHVRQWKHVXEMHFW
DQGDODUJHQXPEHUSHULSKHUDOMRXUQDOVKDUERXUWKHUHPDLQLQJRIWKH
DUWLFOHV+HSURSRVHGWKHIRUPXODQQðWRGHVFULEHWKHSKHQRPHQRQ
+RZHYHUWKLVGLVWULEXWLRQLVQRWVWDWLVWLFDOO\DFFXUDWHDQGLWPD\YDU\VXEMHFW
WRVXEMHFW%XWLWLVVWLOOFRPPRQO\XVHGDVDJHQHUDOUXOHRIWKXPE
/RWND¶V/DZRI6FLHQWLILF3URGXFWLYLW\$OIUHG-/RWNDLQLQKLVSDSHU
WKH)UHTXHQF\'LVWULEXWLRQRI6FLHQWLILF3URGXFWLYLW\IRXQGWKDW«WKH
QXPEHURIDXWKRUVPDNLQJQFRQWULEXWLRQVLVDERXWQðRIWKRVHPDNLQJRQH
DQGWKHSURSRUWLRQRIDOOFRQWULEXWRUVWKDWPDNHDVLQJOHFRQWULEXWLRQLVDERXW
SHUFHQW7KLVPHDQVWKDWRXWRIDOOWKHDXWKRUVLQDJLYHQILHOGSHUFHQW
ZLOOSURGXFHMXVWRQHSXEOLFDWLRQDQGSHUFHQWZLOOSURGXFHWZR
SXEOLFDWLRQVSHUFHQWRIDXWKRUVZLOOSURGXFHWKUHHSXEOLFDWLRQVDQGVRRQ
$FFRUGLQJWR/RWND
V/DZRIVFLHQWLILFSURGXFWLYLW\RQO\VL[SHUFHQWRIWKH
DXWKRUVLQDILHOGZLOOSURGXFHPRUHWKDQDUWLFOHV+RZHYHUWKLVGLVWULEXWLRQ
LVQRWVWDWLVWLFDOO\DFFXUDWHDQGLWPD\YDU\VXEMHFWWRVXEMHFW%XWLWLVVWLOO
FRPPRQO\XVHGDVDJHQHUDOUXOHRIWKXPE
=LSI¶V/DZRI:RUG2FFXUUHQFH+DUYDUGOLQJXLVW*HRUJH.LQJVOH\=LSI
VXJJHVWHGDQHTXDWLRQSRSXODUO\NQRZQDV=LSI
VODZWKDWLVRIWHQXVHGWR
SUHGLFWWKHIUHTXHQF\RIZRUGVZLWKLQDUHODWLYHO\OHQJWK\WH[W=LSIIRXQGWKDW
WKHUDQNRIWKHZRUGPXOWLSOLHGE\WKHIUHTXHQF\RIWKHZRUGHTXDOVDFRQVWDQW
=LSI
VODZDJDLQLVQRWVWDWLVWLFDOO\DFFXUDWHEXWLWLVYHU\XVHIXOIRULQGH[HUV
DQGLQGH[LQJGDWDEDVHVHYHQGXULQJWKHLQWHUQHWHUD
$SSOLFDWLRQVRIWKHVHELEOLRPHWULFODZVDUHYHU\RIWHQIRXQGLQWKHHDUO\SHULRG
RIVFLHQWRPHWULFOLWHUDWXUHDQGELEOLRPHWULFVWXGLHV+RZHYHUWKHLUDSSOLFDWLRQV
LQZHERUVRFLDOPHGLDHQDEOHGVFKRODUO\FRPPXQLFDWLRQVKDYHQRWEHHQ
WHVWHGDGHTXDWHO\DVVFLHQWRPHWULFUHVHDUFKKDVQRZPRYHGLQWRGLIIHUHQW
GRPDLQVDQGLQGLIIHUHQWGLUHFWLRQV

 75$16,7,21)520&,7$7,21%$6('
,1',&$725672$87+25/(9(/0(75,&6
$1'$57,&/(/(9(/0(75,&6)25
5(6($5&+(9$/8$7,21
(PHUJHQFHRIQHZZHEEDVHGVHUYLFHVDVZHOODVQHZVHUYLFHSURYLGHUV
IDFLOLWDWHVWKHQHZDJHUHVHDUFKHUVZLWKQHZWRROVRIVRFLDOQHWZRUNLQJDQG
FROODERUDWLYHUHVHDUFK:HERUVRFLDOPHGLDEDVHGSURGXFWVEHFDPHD
ERRPIRUUHVHDUFKHUVDFURVVWKHZRUOGUHGXFLQJGHSHQGHQFHRQVXEVFULSWLRQ
EDVHGVHUYLFHVDQGLQFUHDVLQJGHSHQGHQFHRQRSHQDFFHVVRURSHQVRXUFH
EDVHGVHUYLFHV0DQ\FRPPHUFLDODFDGHPLFGDWDEDVHFRPSDQLHVDUHQRZ
YHQWXULQJLQWRRIIHULQJIUHHZHEVHUYLFHVWRWKHUHVHDUFKHUV2QWKHRWKHUKDQG
QRQSURILWYHQWXUHVDVZHOODVZHEVHUYLFHVVXSSRUWHGE\SKLODQWKURSLF
IRXQGDWLRQVDUHRQWKHULVH7KH\DOVRRIIHUIUHHZHEVHUYLFHVWRWKH
UHVHDUFKHUV:KLOHDXWKRUVRUUHVHDUFKHUVKDYHDFFHVVWRPDQ\YDOXHDGGHG
,QWURGXFWLRQWR5HVHDUFK
(YDOXDWLRQ0HWULFVDQG
5HODWHG,QGLFDWRUV

5HVHDUFK(YDOXDWLRQ
0HWULFV
SHUVRQDOL]HGZHEVHUYLFHVDXWKRUVOHYHOPHWULFVDUHRQWKHULVHWRKHOS
UHVHDUFKHUVWRGHWHUPLQHWKHLUSRWHQWLDOVDVZHOODVDVVHUWLQJSRWHQWLDOVRI
UHVHDUFKFROODERUDWRUV1RZWKHLQQRYDWLYHYDOXHDGGHGSHUVRQDOL]HGZHE
VHUYLFHVDUHKHOSLQJLQWUDQVLWLRQIURPFLWDWLRQEDVHGLQGLFDWRUVWRDXWKRUOHYHO
PHWULFVDQGDUWLFOHOHYHOPHWULFVIRUUHVHDUFKHYDOXDWLRQ:HVKDOOOHDUQPRUH
DERXWDXWKRUOHYHOPHWULFVDQGDUWLFOHOHYHOPHWULFVLQ8QLWRIWKLV0RGXOH

 $XWKRU/HYHO,QGLFDWRUV8VLQJ$XWKRUV¶3XEOLF3URILOHV
7KHSHUVRQDOL]HGZHEEDVHGUHVHDUFKHUV¶SURILOHVKHOSLQGHULYLQJPDQ\
SHUIRUPDQFHLQGLFDWRUVRIUHVHDUFKHUVWKHLUFROODERUDWRUVDQGLQVWLWXWLRQV
,QQRYDWLYHQHZLQGLFDWRUVDUHQRZH[WHQVLYHO\IRFXVLQJRQDXWKRU¶VZRUNV
UDWKHUWKDQMRXUQDO¶VSHUIRUPDQFHYLVLELOLW\RUSUHVWLJH6RPHFRPPRQO\
DYDLODEOHDXWKRUOHYHOLQGLFDWRUVDUHVKRZQLQ)LJXUH7DEOHVKRZVPRVW
XVHIXODXWKRUOHYHOLQGLFDWRUVGHULYHGIURPRQOLQHUHVHDUFKHUV¶SURILOHVRIIHUHG
E\LQQRYDWLYHDFDGHPLFVRFLDOQHWZRUNVDQGQHZDJHZHEVHUYLFHSURYLGHUVIRU
UHVHDUFKHUVFRPPXQLWLHV:HOHDUQPRUHDERXWDXWKRUOHYHOPHWULFVLQ8QLW
RIWKLV0RGXOH



)LJXUH8VHIXO$XWKRU/HYHO,QGLFDWRUVGHULYHGIURP2QOLQH
5HVHDUFKHUV¶3URILOHV



Author Level Indicators
H Index
i10 index
Articles with Citation Data
Average Citation per Article
Total Citations Count
Cited vs. Uncited Papers Ratio
Eigenfactor® score
Impact Points
RG Score



7DEOH8VHIXO$XWKRU/HYHO,QGLFDWRUVGHULYHGIURP2QOLQH
5HVHDUFKHUV¶3URILOHV
1DPHRIWKH
,QGLFDWRU
'DWD6RXUFH 5HVHDUFKHUV¶3URILOHV
7RROV8VHG
+,QGH[ *RRJOH6FKRODU:HERI
6FLHQFH6FRSXV
*RRJOH6FKRODU&LWDWLRQV
5HVHDUFKHU,'
&LWDWLRQV&RXQW *RRJOH6FKRODU:HERI
6FLHQFH6FRSXV
*RRJOH6FKRODU&LWDWLRQV
5HVHDUFK*DWH
L,QGH[ *RRJOH6FKRODU *RRJOH6FKRODU&LWDWLRQV
J,QGH[ *RRJOH6FKRODU 3R36RIWZDUH
$UWLFOHVZLWK
FLWDWLRQ
:HERI6FLHQFH 5HVHDUFKHU,'
$YHUDJHFLWDWLRQV
SHUDUWLFOH
:HERI6FLHQFH*RRJOH
6FKRODU
5HVHDUFKHU,'3R36RIWZDUH
(LJHQIDFWRUVFRUH :HERI6FLHQFH 6RFLDO6FLHQFH5HVHDUFK
1HWZRUN6651
,PSDFW3RLQWV 5HVHDUFK*DWH 5HVHDUFK*DWH
5*6FRUH 5HVHDUFK*DWH 5HVHDUFK*DWH

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$OWKRXJKPDQ\VFKRODUO\MRXUQDOVDUHLQGH[HGLQZRUOG¶VUHQRZQHGFLWDWLRQ
GDWDEDVHVVXFKDV:HERI6FLHQFHRU6FRSXVQRWHYHU\SDSHUSXEOLVKHGE\
WKHVHMRXUQDOVLVOXFN\HQRXJKWRJHWFLWHGE\RWKHUVFKRODUO\SDSHUVLQ
VXFFHVVLYH\HDUV$WWUDFWLQJFLWDWLRQVIRUDSXEOLVKHGSDSHULVQRWHDV\LIQRW
LPSRVVLEOH7KHRQOLQHMRXUQDOVDQGRSHQDFFHVVMRXUQDOVKDYHOLEHUW\WRWUDFN
LWVRQOLQHXVDJHWKURXJKVWDWLVWLFVRIGRZQORDGVDQG+70/YLHZV7KXVWKH\
KDYHPHDQVWRWUDFNDQDOWHUQDWLYHPHDVXUHRIDUWLFOHXVDJH
,QQRYDWLYHQHZDJHRQOLQHMRXUQDOSXEOLVKHUVJRWLQWHUHVWHGLQGHULYLQJDUWLFOH
PHWULFVIRUHYHU\SXEOLVKHGDUWLFOHLQWKHLUSRUWDOV7KH\PDNHWKHVHGRZQORDG
DQGXVDJHVWDWLVWLFVSXEOLFLQWKHUHVSHFWLYHSDJHRIDUWLFOHWRLQGLFDWH
SRSXODULW\RUDFFHSWDQFHRIVDLGDUWLFOH6RPHMRXUQDOVVWDUWHGWUDFNLQJRI
DUWLFOHV¶µVKDUH¶LQSRSXODUVRFLDOPHGLDDQGVRFLDOERRNPDUNLQJZHEVLWHVVXFK
DV7ZLWWHU)DFHERRN0HQGHOH\&LWH8/LNHDQG'HOLFLRXVWRPDUNWKH
DUWLFOHV¶SRSXODULW\RUDFFHSWDQFH7KLVOHGWRWKHGHYHORSPHQWRIDUWLFOHOHYHO
PHWULFVRUDOWPHWULFVDVDQLQGLFDWRURIVFKRODUO\FRPPXQLFDWLRQV
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PHWULFV:HVKDOOOHDUQPRUHDERXWDXWKRUOHYHOPHWULFVLQ8QLWRIWKLV
0RGXOH
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7HUP 'HILQLWLRQ
$OWPHWULFV $OWPHWULFVLVDQHZPHWULFVSURSRVHGDVDQDOWHUQDWLYH
WRWKHZLGHO\XVHGMRXUQDOLPSDFWIDFWRUDQGSHUVRQDO
FLWDWLRQLQGLFHVVXFKDVKLQGH[7KHWHUPDOWPHWULFV
ZDVSURSRVHGLQDVDJHQHUDOL]DWLRQRIDUWLFOH
OHYHOPHWULFVDQGKDVLWVURRWVLQWKHWZLWWHUDOWPHWULFV
KDVKWDJ
$UWLFOH,QIOXHQFH
6FRUH$,
,WGHWHUPLQHVWKHDYHUDJHLQIOXHQFHRIDMRXUQDO
V
DUWLFOHVRYHUWKHILUVWILYH\HDUVDIWHUSXEOLFDWLRQ,WLV
FDOFXODWHGE\GLYLGLQJDMRXUQDO¶V(LJHQIDFWRUVFRUHE\
WKHQXPEHURIDUWLFOHVLQWKHMRXUQDOQRUPDOL]HGDVD
IUDFWLRQRIDOODUWLFOHVLQDOOSXEOLFDWLRQV7KHPHDQ$,
LV$VFRUHJUHDWHUWKDQLQGLFDWHVWKDWHDFK
DUWLFOHLQWKHMRXUQDOKDVDERYHDYHUDJHLQIOXHQFH$
VFRUHOHVVWKDQLQGLFDWHVWKDWHDFKDUWLFOHLQWKH

ϱϴŚƚƚƉ͗ͬͬǀŝŵĞŽ͘ĐŽŵͬϰϵϯϮϴϱϵϬ

5HVHDUFK(YDOXDWLRQ
0HWULFV
MRXUQDOKDVEHORZDYHUDJHLQIOXHQFH6RXUFH
7KRPVRQUHXWHUVFRP
DU;LY ,WLVDQHSULQWVHUYLFHLQWKHILHOGVRISK\VLFV
PDWKHPDWLFVFRPSXWHUVFLHQFHTXDQWLWDWLYHELRORJ\
TXDQWLWDWLYHILQDQFHDQGVWDWLVWLFV
$XWKRU6HOIFLWDWLRQ $XWKRUVHOIFLWDWLRQRFFXUVZKHQDQDXWKRUFLWHVKLV
RZQZRUNSXEOLVKHGHDUOLHURUJRLQJWREHSXEOLVKHGLQ
IXWXUH
%LEOLRJUDSKLF
FRXSOLQJ
,WLVDPHDVXUHWKDWXVHVFLWDWLRQDQDO\VLVWRHVWDEOLVKD
VLPLODULW\UHODWLRQVKLSEHWZHHQGRFXPHQWV,WOLQNVWZR
SDSHUVWKDWFLWHWKHVDPHDUWLFOHVRWKDWLISDSHUV$DQG
%ERWKFLWHSDSHU&WKH\PD\EHVDLGWREHUHODWHG
HYHQWKRXJKWKH\GRQ
WGLUHFWO\FLWHHDFKRWKHU7KH
PRUHSDSHUVWKH\ERWKFLWHWKHVWURQJHUWKHLU
UHODWLRQVKLSLV
%RRN&LWDWLRQ,QGH[ ,WDOORZVXVHUVWRVHDUFKVHDPOHVVO\DFURVVERRNV
MRXUQDOVDQGFRQIHUHQFHSURFHHGLQJVWRILQGWKH
LQIRUPDWLRQPRVWUHOHYDQWWRWKHLUZRUNZLWKLQRQH
SODWIRUP,WGHWDLOVWKHFLWDWLRQVUHFHLYHGE\DERRN
6RXUFH7KRPVRQUHXWHUVFRP
%RRNPDUNOHW ,WLVDVPDOOVRIWZDUHDSSOLFDWLRQVWRUHGDVDERRNPDUN
LQDZHEEURZVHUZKLFKW\SLFDOO\DOORZVDXVHUWR
LQWHUDFWZLWKWKHFXUUHQWO\ORDGHGZHESDJHLQVRPH
ZD\
&KLQHVH6FLHQFH
&LWDWLRQ'DWDEDVH
,WFRQWDLQVLPSRUWDQWUHVHDUFKDQGFLWDWLRQGDWDIURP
&KLQDLQFOXGLQJUHVHDUFKWUHQGVWRSDXWKRUV
LQVWLWXWLRQVMRXUQDOVDQGPRUH6RXUFH
7KRPVRQUHXWHUVFRP
&LWDWLRQ ,WLVDUHIHUHQFHWRDWH[WRUSDUWRIDWH[WLGHQWLI\LQJ
WKHGRFXPHQWLQZKLFKLWPD\EHIRXQG
&LWDWLRQ,QGH[ ,WLVDELEOLRJUDSKLFWRROLQSULQWRUHOHFWURQLFIRUPDW
WKDWOLVWVDOOUHIHUHQFHGRUFLWHGVRXUFHLWHPVSXEOLVKHG
LQDJLYHQWLPHVSDQ
&LWDWLRQ1HWZRUN ,WLVDRQHZD\RUWZRZD\QHWZRUNDQDO\VLQJ
UHODWLRQVKLSEHWZHHQFLWLQJDQGFLWHGUHIHUHQFHVRU
DXWKRUV
&LWDWLRQV&RXQW ,WLVDVLPSOHPHWKRGRIFRXQWLQJWRWDOFLWDWLRQV
UHFHLYHGE\DQHDUOLHUSXEOLVKHGDUWLFOHZLWKGDWD
REWDLQHGIURPDFLWDWLRQGDWDEDVH
&LWHG+DOI/LIH ,WLVWKHQXPEHURI\HDUVJRLQJEDFNIURPWKHFXUUHQW
\HDUWKDWDFFRXQWIRURIWKHWRWDOFLWDWLRQV
UHFHLYHGE\WKHFLWHGMRXUQDOLQWKHFXUUHQW\HDU
&LWHG+DOI/LIHRID
MRXUQDO
,WLVWKHQXPEHURI\HDUVJRLQJEDFNIURPWKHFXUUHQW
\HDUWKDWDFFRXQWIRURIWKHWRWDOFLWDWLRQV
UHFHLYHGE\WKHFLWHGMRXUQDOLQWKHFXUUHQW\HDU,6,
GHYHORSHGWKLVFDOFXODWLRQWRSURYLGHDQLQGLFDWRUDVWR
WKHORQJWHUPYDOXHRIVRXUFHLWHPVLQDVLQJOHMRXUQDO
SXEOLFDWLRQ,WPD\EHQRWHGWKDWWKHFLWHGKDOIOLIHRI


WKHOLWHUDWXUHRIDVSHFLDOLW\LVGLIIHUHQWIURPWKHFLWHG
KDOIOLIHRIDMRXUQDO6RXUFH7KRPVRQUHXWHUVFRP
&LWHVSHU'RFXPHQW
\HDUV
$YHUDJHFLWDWLRQVSHUGRFXPHQWLQD\HDUSHULRG,WLV
FRPSXWHGFRQVLGHULQJWKHQXPEHURIFLWDWLRQVUHFHLYHG
E\DMRXUQDOLQWKHFXUUHQW\HDUWRWKHGRFXPHQWV
SXEOLVKHGLQWKHWZRSUHYLRXV\HDUVLHFLWDWLRQV
UHFHLYHGLQ\HDU;WRGRFXPHQWVSXEOLVKHGLQ\HDUV;
DQG;6RXUFH6FLPDJRMUFRP
&LWH8/LNH ,WLVDIUHHVHUYLFHWRKHOS\RXWRVWRUHRUJDQLVHDQG
VKDUHWKHVFKRODUO\SDSHUV\RXDUHUHDGLQJ
&LWH8/LNH ,WLVDIUHHVHUYLFHWRKHOS\RXWRVWRUHRUJDQLVHDQG
VKDUHWKHVFKRODUO\SDSHUV\RXDUHUHDGLQJ
&LWLQJ+DOI/LIH ,WLVWKHQXPEHURIMRXUQDOSXEOLFDWLRQ\HDUVJRLQJ
EDFNIURPWKHFXUUHQW\HDUWKDWDFFRXQWIRURIWKH
WRWDOFLWDWLRQVJLYHQE\WKHFLWLQJMRXUQDOLQWKHFXUUHQW
\HDU
&LWLQJ+DOI/LIHRID
-RXUQDO

7KHQXPEHURIMRXUQDOSXEOLFDWLRQ\HDUVJRLQJEDFN
IURPWKHFXUUHQW\HDUWKDWDFFRXQWIRURIWKHWRWDO
FLWDWLRQVJLYHQE\WKHFLWLQJMRXUQDOLQWKHFXUUHQW\HDU
,6,GHYHORSHGWKLVFDOFXODWLRQWRSURYLGHDQLQGLFDWRU
RIWKHVXEWOHFKDQJHVLQVFRSHRIDSXEOLFDWLRQRYHUWKH
FRXUVHRIWLPH6RXUFH7KRPVRQUHXWHUVFRP
&RFLWDWLRQFRXSOLQJ ,WLVDPHWKRGXVHGWRHVWDEOLVKDVXEMHFWVLPLODULW\
EHWZHHQWZRGRFXPHQWV,ISDSHUV$DQG%DUHERWK
FLWHGE\SDSHU&WKH\PD\EHVDLGWREHUHODWHGWRRQH
DQRWKHUHYHQWKRXJKWKH\GRQ
WGLUHFWO\FLWHHDFK
RWKHU7KHPRUHSDSHUVFLWH$DQG%WKHVWURQJHUWKHLU
UHODWLRQVKLSLV
&RFLWDWLRQQHWZRUN ,WLVDQHWZRUNDQDO\VLQJLQVWDQFHVRIFRFLWDWLRQ
FRXSOLQJ
&RQIHUHQFH
3URFHHGLQJV&LWDWLRQ
,QGH[
,WKHOSVUHVHDUFKHUVDFFHVVWKHSXEOLVKHGOLWHUDWXUH
IURPWKHPRVWVLJQLILFDQWFRQIHUHQFHVV\PSRVLD
VHPLQDUVDQGPRUH6RXUFH7KRPVRQUHXWHUVFRP
&URVVUHI ,WLVDQRIILFLDO'LJLWDO2EMHFW,GHQWLILHU'2,
5HJLVWUDWLRQ$JHQF\RIWKH,QWHUQDWLRQDO'2,
)RXQGDWLRQ
'DWD&LWDWLRQ,QGH[
'&,
,WSURYLGHVGLJLWDOUHVHDUFKWKDWLVGLVFRYHUDEOHFLWDEOH
DQGOLQNHGWRSULPDU\UHVHDUFKOLWHUDWXUH<RXFDQ
GLVFRYHUGDWDVHWVIURPPXOWLSOHUHSRVLWRULHVLQRQH
SODFH6RXUFH7KRPVRQUHXWHUVFRP
'HOLFLRXV ,WLVDQRQOLQHVRFLDOERRNPDUNLQJVHUYLFH,WVZHEVLWH
DGGUHVVLV'HOLFLRXVFRP
'HVNWRSDSSOLFDWLRQ ,WLVDQDSSOLFDWLRQVRIWZDUHWKDWUXQVVWDQGDORQHLQD
GHVNWRSRUODSWRSFRPSXWHU
'U\DG ,WLVDQLQWHUQDWLRQDOUHSRVLWRU\RIGDWDXQGHUO\LQJ
SHHUUHYLHZHGDUWLFOHVLQWKHEDVLFDQGDSSOLHGELRORJ\
,WVZHEVLWHDGGUHVVLVKWWSGDWDGU\DGRUJ
(LJHQIDFWRU6FRUH ,WVFDOFXODWLRQLVEDVHGRQWKHQXPEHURIWLPHVDUWLFOHV

5HVHDUFK(YDOXDWLRQ
0HWULFV
() IURPWKHMRXUQDOSXEOLVKHGLQWKHSDVWILYH\HDUVKDYH
EHHQFLWHGLQWKH-&5\HDUEXWLWDOVRFRQVLGHUVZKLFK
MRXUQDOVKDYHFRQWULEXWHGWKHVHFLWDWLRQVVRWKDWKLJKO\
FLWHGMRXUQDOVZLOOLQIOXHQFHWKHQHWZRUNPRUHWKDQ
OHVVHUFLWHGMRXUQDOV5HIHUHQFHVIURPRQHDUWLFOHLQD
MRXUQDOWRDQRWKHUDUWLFOHIURPWKHVDPHMRXUQDODUH
UHPRYHGVRWKDW(LJHQIDFWRUVFRUHVDUHQRWLQIOXHQFHG
E\MRXUQDOVHOIFLWDWLRQ6RXUFH7KRPVRQUHXWHUVFRP
)UHHVRIWZDUH ,WLVDFRPSXWHUVRIWZDUHWKDWLVDYDLODEOHIUHHRI
FKDUJHKRZHYHULWVVRXUFHFRGHPD\RUPD\QRWEH
PDGHDYDLODEOH
JLQGH[ $QLQGH[WRTXDQWLI\DQLQGLYLGXDO
VVFLHQWLILFUHVHDUFK
RXWSXWSURSRVHGE\/HR(JJKH6RXUFH
+DU]LQJFRPSRSKWP
*LWKXE ,WLVDVRFLDORQOLQHUHSRVLWRU\IRURSHQVRXUFH
VRIWZDUH
KLQGH[ KLQGH[LVWKHKLQGH[IRUDUWLFOHVSXEOLVKHGLQWKHODVW
FRPSOHWH\HDUV,WLVWKHODUJHVWQXPEHUKVXFKWKDWK
DUWLFOHVSXEOLVKHGLQKDYHDWOHDVWK
FLWDWLRQVHDFK6RXUFH6FKRODUJRRJOHFRP
KPHGLDQ KPHGLDQIRUDSXEOLFDWLRQLVWKHPHGLDQQXPEHURI
FLWDWLRQVIRUWKHDUWLFOHVWKDWPDNHXSLWVKLQGH[
6RXUFH6FKRODUJRRJOHFRP
KFLQGH[ &RQWHPSRUDU\KLQGH[RUKFLQGH[DGGVDQDJHUHODWHG
ZHLJKWLQJWRHDFKFLWHGDUWLFOHJLYLQJE\GHIDXOWWKLV
GHSHQGVRQWKHSDUDPHWUL]DWLRQOHVVZHLJKWWRROGHU
DUWLFOHV6RXUFH+DU]LQJFRPSRSKHOSPHWULFVKWP
KLQGH[ KLQGH[SURSRVHGE\-(+LUVFKLVWKHODUJHVWQXPEHU
KVXFKWKDWKSXEOLFDWLRQVKDYHDWOHDVWKFLWDWLRQV7KH
VHFRQGFROXPQKDVWKHUHFHQWYHUVLRQRIWKLVPHWULF
ZKLFKLVWKHODUJHVWQXPEHUKVXFKWKDWKSXEOLFDWLRQV
KDYHDWOHDVWKQHZFLWDWLRQVLQWKHODVW\HDUV
6RXUFH6FKRODUJRRJOHFRP
LLQGH[ LLQGH[LVWKHQXPEHURISXEOLFDWLRQVZLWKDWOHDVW
FLWDWLRQV7KHVHFRQGFROXPQKDVWKHUHFHQWYHUVLRQ
RIWKLVPHWULFZKLFKLVWKHQXPEHURISXEOLFDWLRQVWKDW
KDYHUHFHLYHGDWOHDVWQHZFLWDWLRQVLQWKHODVW
\HDUV6RXUFH6FKRODUJRRJOHFRP
,PPHGLDF\,QGH[
-,,

7KHDYHUDJHQXPEHURIWLPHVWKDWDQDUWLFOHSXEOLVKHG
LQDVSHFLILF\HDUZLWKLQDVSHFLILFMRXUQDOLVFLWHGRYHU
WKHFRXUVHRIWKDWVDPH\HDU7KLVLQGH[SXEOLVKHGLQ
WKH-RXUQDO&LWDWLRQ5HSRUWVLVRQHGHYHORSHGE\,6,
DVDQLQGLFDWRURIWKHVSHHGZLWKZKLFKFLWDWLRQVWRD
VSHFLILFMRXUQDODSSHDULQWKHSXEOLVKHGOLWHUDWXUH6XFK
LQIRUPDWLRQLVXVHIXOLQGHWHUPLQLQJZKLFKMRXUQDOVDUH
SXEOLVKLQJLQHPHUJLQJDUHDVRIUHVHDUFK6RXUFH
7KRPVRQUHXWHUVFRP
,QWHUQDWLRQDO 'RFXPHQWUDWLRLQSHUFHQWZKRVHDIILOLDWLRQLQFOXGHV


&ROODERUDWLRQ PRUHWKDQRQHFRXQWU\DGGUHVV6RXUFH
6FLPDJRMUFRP
-RXUQDO&LWDWLRQ
5HSRUWV-&5
-&5RIIHUVDV\VWHPDWLFREMHFWLYHPHDQVWRFULWLFDOO\
HYDOXDWHWKHZRUOG
VOHDGLQJMRXUQDOVZLWK
TXDQWLILDEOHVWDWLVWLFDOLQIRUPDWLRQEDVHGRQFLWDWLRQ
GDWD6RXUFH7KRPVRQUHXWHUVFRP
-RXUQDO,PPHGLDF\
,QGH[
,WLVWKHDYHUDJHQXPEHURIWLPHVDUWLFOHVSXEOLVKHGLQD
MRXUQDOLQDVSHFLILF\HDUDUHFLWHGZLWKLQWKHVDPH
\HDU
-RXUQDO,PSDFW
)DFWRU-,)

7KHQXPEHURIFXUUHQWFLWDWLRQVWRDUWLFOHVSXEOLVKHGLQ
DVSHFLILFMRXUQDOLQDWZR\HDUSHULRGGLYLGHGE\WKH
WRWDOQXPEHURIDUWLFOHVSXEOLVKHGLQWKHVDPHMRXUQDO
LQWKHFRUUHVSRQGLQJWZR\HDUSHULRG,6,VWUHVVHVWKDW
DMRXUQDO
VLPSDFWIDFWRULVDPHDQLQJIXOLQGLFDWRURQO\
ZKHQFRQVLGHUHGLQWKHFRQWH[WRIVLPLODUMRXUQDOV
FRYHULQJDVLQJOHILHOGRILQYHVWLJDWLRQRUVXEMHFW
GLVFLSOLQH6RXUFH7KRPVRQUHXWHUVFRP
-RXUQDOVHOIFLWDWLRQ ,WLVDQLQVWDQFHLQZKLFKDQDUWLFOHSXEOLVKHGLQD
MRXUQDOKDVFLWHGDSUHYLRXVO\SXEOLVKHGDUWLFOHLQWKDW
VDPHMRXUQDO
0HQGHOH\ ,WLVDUHVHDUFKPDQDJHPHQWWRROIRUGHVNWRSDQGZHE
2SHQVRXUFH
VRIWZDUH
,WLVFRPSXWHUVRIWZDUHZLWKLWVVRXUFHFRGHPDGH
DYDLODEOHDQGOLFHQVHGZLWKWKHSHUPLVVLRQVRUULJKWVWR
VWXG\FKDQJHDQGGLVWULEXWHWKHVRIWZDUHWRDQ\RQH
DQGIRUDQ\SXUSRVH
3OXJLQ ,WLVDVRIWZDUHFRPSRQHQWWKDWDGGVDVSHFLILFIHDWXUH
WRDQH[LVWLQJVRIWZDUHDSSOLFDWLRQ
3XE0HG ,WFRPSULVHVPRUHWKDQPLOOLRQFLWDWLRQVRI
ELRPHGLFDOOLWHUDWXUH
5*6FRUH 7KH5*6FRUHLVDPHWULFWKDWPHDVXUHVVFLHQWLILF
UHSXWDWLRQEDVHGRQKRZDOORI\RXUUHVHDUFKLV
UHFHLYHGE\\RXUSHHUV
5,6)LOH 7KH5,6ILOHIRUPDWLVDWDJJHGIRUPDWIRUH[SUHVVLQJ
ELEOLRJUDSKLFFLWDWLRQV5,6)LOHLVDSODLQWH[WILOHWKDW
FDQFRQWDLQPXOWLSOHUHIHUHQFHV5,6ILOHVFDQEH
H[SRUWHGIURPUHIHUHQFHVRIWZDUHVXFKDV(QG1RWHDQG
5HIHUHQFH0DQDJHU(DFKUHIHUHQFHLVFRPSRVHGRID
YDULDEOHQXPEHURIILHOGVDQGHDFKILHOGLVSUHFHGHG
E\DVL[FKDUDFWHUODEHORUWDJ6RPHWDJVDUHVSHFLILF
RQO\WRFHUWDLQUHIHUHQFHW\SHV(DFKWDJPXVWEHLQD
VSHFLILFIRUPDWDQGFHUWDLQRWKHUUXOHVDSSO\WRDOO
WDJV
6FL(/2&LWDWLRQ
,QGH[
,WOHWVUHVHDUFKHUVDURXQGWKHZRUOGGLVFRYHUQHZ
LQVLJKWVIURPUHVHDUFKHPDQDWLQJIURP/DWLQ$PHULFD
6SDLQ3RUWXJDOWKH&DULEEHDQDQG6RXWK$IULFDZKLOH
PDNLQJFRQQHFWLRQVWRWKHEURDGHUUHVHDUFKODQGVFDSH
IRUDPRUHFRPSOHWHJOREDOSLFWXUH6RXUFH
7KRPVRQUHXWHUVFRP

5HVHDUFK(YDOXDWLRQ
0HWULFV
6FLHQFHVHHNHURUJ ,WUHIHUVWRVFLHQFHQHZVIURPVFLHQFHQHZVPDNHUV,W
RIIHUVVFLHQFHQHZVDJJUHJDWLRQVHUYLFH
6&,PDJR-RXUQDO
5DQN6-5
6-5LVDSUHVWLJHPHWULFEDVHGRQWKHLGHDWKDW
DOO
FLWDWLRQVDUHQRWFUHDWHGHTXDO
6RXUFH
-RXUQDO0HWULFVFRP
6FRSXV ,WLVWKHZRUOG
VODUJHVWDEVWUDFWDQGFLWDWLRQGDWDEDVHRI
SHHUUHYLHZHGOLWHUDWXUH
6HOIFLWDWLRQ ,WFDQDQLQVWDQFHLQZKLFKDQDUWLFOHSXEOLVKHGLQD
MRXUQDOKDVFLWHGDSUHYLRXVO\SXEOLVKHGDUWLFOHLQWKDW
VDPHMRXUQDORULWFDQEHDQLQVWDQFHLQZKLFKDQ
DXWKRUFLWHVKLVRZQZRUNSXEOLVKHGHDUOLHURU
IRUWKFRPLQJ
6-56&,PDJR
-RXUQDO5DQN
LQGLFDWRU
,WH[SUHVVHVWKHDYHUDJHQXPEHURIZHLJKWHGFLWDWLRQV
UHFHLYHGLQWKHVHOHFWHG\HDUE\WKHGRFXPHQWV
SXEOLVKHGLQWKHVHOHFWHGMRXUQDOLQWKHWKUHHSUHYLRXV
\HDUVLHZHLJKWHGFLWDWLRQVUHFHLYHGLQ\HDU;WR
GRFXPHQWVSXEOLVKHGLQWKHMRXUQDOLQ\HDUV;;
DQG;6RXUFH6FLPDJRMUFRP
6RXUFH1RUPDOL]HG
,PSDFWSHU3DSHU
61,3
61,3PHDVXUHVFRQWH[WXDOFLWDWLRQLPSDFWE\
ZHLJKWLQJFLWDWLRQVEDVHGRQWKHWRWDOQXPEHURI
FLWDWLRQVLQDVXEMHFWILHOG6RXUFH
-RXUQDO0HWULFVFRP
:HERI6FLHQFH
:R6
:R6SURYLGHVTXLFNSRZHUIXODFFHVVWRDXWKRULWDWLYH
FRQWHQWIURPWKHKLJKHVWLPSDFWMRXUQDOVZRUOGZLGH
LQFOXGLQJ2SHQ$FFHVVMRXUQDOVLQWKHVFLHQFHVVRFLDO
VFLHQFHVDUWVDQGKXPDQLWLHV6RXUFH
7KRPVRQUHXWHUVFRP

/,672)$%%5(9,$7,216

$	+&, $UWV	+XPDQLWLHV&LWDWLRQ,QGH[
$, $UWLFOH,QIOXHQFHVFRUH
$/0 $UWLFOH/HYHO0HWULFV
$3, $SSOLFDWLRQ3URJUDPPLQJ,QWHUIDFH
&( &RVW(IIHFWLYHQHVVVFRUH
'2, 'LJLWDO2EMHFW,GHQWLILHU
'25$ 6DQ)UDQFLVFR'HFODUDWLRQRQ5HVHDUFK$VVHVVPHQW
() (LJHQIDFWRUVFRUH
*% *LJDE\WHV
+&,QGH[ &RQWHPSRUDU\+,QGH[
+,QGH[ +LUVFK,QGH[
+66 +XPDQLWLHVDQG6RFLDO6FLHQFHV
+70/ +\SHUWH[W0DUNXS/DQJXDJH
,&, ,QGLDQ&LWDWLRQ,QGH[


,6, ,QVWLWXWHIRU6FLHQWLILF,QIRUPDWLRQ
-&, -RXUQDO&XUUHQW,QGH[
-&5 -RXUQDO&LWDWLRQ5HSRUWV
-,) -RXUQDO,PSDFW)DFWRU
-,, -RXUQDO,PPHGLDF\,QGH[
0% 0HJDE\WHV
2$ 2SHQ$FFHVV
25&,' 2SHQ5HVHDUFKHUDQG&RQWULEXWRU,'
3') 3RUWDEOH'RFXPHQW)RUPDW
3/26 3XEOLF/LEUDU\RI6FLHQFH
3/26$/0 3/26$UWLFOH/HYHO0HWULFV
30& 3XE0HG&HQWUDO
5,, -RXUQDO5HVHDUFK,PSDFW,QGLFDWRU
5,6 5HVHDUFK,QIRUPDWLRQ6\VWHPV,QF
6&, 6FLHQFH&LWDWLRQ,QGH[
6FL(/2 6FLHQWLILF(OHFWURQLF/LEUDU\2QOLQH
6-5 6&,PDJR-RXUQDO5DQN
61,3 6RXUFH1RUPDOL]HG,PSDFWSHU3DSHU
66&, 6RFLDO6FLHQFH&LWDWLRQ,QGH[
6651 6RFLDO6FLHQFH5HVHDUFK1HWZRUN
670 6FLHQFH7HFKQRORJ\DQG0HGLFLQH
:R. :HERI.QRZOHGJH
:R6 :HERI6FLHQFH
;0/ ([WHQVLEOH0DUNXS/DQJXDJH

5()(5(1&(6$1')857+(55($',1*6

$GLH(	5RH:$OWPHWULF(QULFKLQJ6FKRODUO\&RQWHQWZLWK
$UWLFOH/HYHO'LVFXVVLRQDQG0HWULFV/HDUQHG3XEOLVKLQJ
%DLOyQ0RUHQR5-XUDGR$ODPHGD(5XL]%DxRV5	&RXUWLDO-3
%LEOLRPHWULFODZV(PSLULFDOIODZVRIILW6FLHQWRPHWULFV
5HWULHYHGIURPKWWSHSULQWVUFOLVRUJ%DLORQ
0RUHQRB5BSGI
%RJHUV7	9DQGHQ%RVFK$5HFRPPHQGLQJ6FLHQWLILF$UWLFOHV
8VLQJ&LWHXOLNH,Q3URFHHGLQJVRIWKH$&0&RQIHUHQFHRQ
5HFRPPHQGHU6\VWHPVSS
&DPSDQDULR-0&LWDWLRQ$QDO\VLV,Q,QWHUQDWLRQDO(QF\FORSDHGLD
RI,QIRUPDWLRQDQG/LEUDU\6FLHQFHQGHGLWLRQ/RQGRQ5RXWOHGJH

5HVHDUFK(YDOXDWLRQ
0HWULFV
&ROOHGJH/LVDHWDO6-5DQG61,3WZRQHZMRXUQDOPHWULFVLQ
(OVHYLHU¶V6FRSXV6HULDOV5HWULHYHGIURP
KWWSXNVJPHWDSUHVVFRPFRQWHQWYIXOOWH[WSGI
'DV$.$URUD3	%KDWWDFKDU\D6:HEOLRJUDSK\RI67,,QGLFDWRU
'DWDEDVHVDQG5HODWHG3XEOLFDWLRQV-RXUQDORI6FLHQWRPHWULF5HVHDUFK
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